
1 METHOD OF FABRICATING TETRA-STATE MASK READ ONLY MEMORY  BACKGROUND OF
THE INVENTION Field of the Invention 5 The invention relates to a method of
fabricating an integrated circuit, and more  particularly to a method of
fabricating an integrated circuit with high density, such as a
non-volatile multi-mask read only memory (ROM). Description of the Related
Art 10 Being restricted by the technical limit of designing a memory, to
reduce the  dimension of a memory device, the technique of process needs to
be improved. The  conventional ROM is assembled by an array of field effect
transistor metal oxide  semiconductors (FET MOS). Each memory cell
comprises a single field effect device  disposed at the intersection of a
parallel conductive line buried in the substrate and a 15 vertical
conductive line formed on the substrate. The formation of each field effect
transistor provides the choice between either of two predetermined values
depending on  the characteristics of transistor, such as the threshold
voltage. By doping the channel  region of a transistor, a higher threshold
voltage is obtained. The transistor is not turned  on by applying the
voltage Vcc to the gate. On the contrary, with the undoped channel 20
region, the transistor is turned on by the voltage Vcc applied to the gate.
Binary data  are stored into the memory cell by selectively doping the
channel regions. That is, a  logic "0" is stored in a transistor with a
doped channel region, and a logic "I" is stored in  a transistor with an
undoped channel region. 



Fig. I is a top view of a region (including four memory cells) of a
conventional  2  mask ROM. Referring to Fig. 1, a mask ROM is formed on a
substrate 10 having a P- type surface. The mask ROM comprises an array of
parallel buried bit lines 12, 14 and  16 which are N-type bit lines formed
by selectively doping the substrate 10, and an array  of parallel word
lines 18 and 20 expanding on the substrate 10. The array of word lines 5 18
and 20 is perpendicular to the array of bit lines 12, 14, and 116. In
addition, a silicon  oxide layer is formed between two word lines 18 and 20
for the purpose of isolation.  Normally, in a mask ROM, a structure of
sharing a word line is adapted. The bit lines  12, 14, and 16 are the
source/drain regions of field effect transistors, whereas, the regions  22,
24, 26, and 28 connecting with the bit lines 12, 14, and 16 under the word
lines 18  10 and 20 are the channel regions of field effects transistors.
Fig. 2 is a cross sectional view of a conventional ROM shown as 2-2' in
Fig. 1.  Referring to Fla. 2, to form a buried bit line, a proper mask (not
shown on the figure) is  used to cover the substrate 10. An N-type dopant
is implanted into the substrate 10 to  form bit lines 12, 14, and 16. The
doped substrate 10 is then put into an environment of 15 oxygen to activate
the dopant within the bit lines 12, 14, and 16, and to form an oxide
layer. The oxide layer comprises a thinner gate oxide layer 30 on the
channel region 22  and 24, and a thicker oxide layer 32 covering the bit
lines 12, 14, and 16. The thicker  oxide layer 32 is formed because of the
much larger oxidation diffusion rate of the heavily  doped N-type dopant in
the bit lines 12, 14 and 16 than the lightly doped P-type ions in 20 the
channel regions 22 and 24. After the formation of the thicker oxide layer
32, a  



doped poly-silicon layer is formed on the gate oxide layer 30 and the
thicker oxide layer  32. The poly-silicon layer is then defined to form a
gate electrode 18 of the field effect  transistor. The gate electrode is
used as a word line in the ROM. As the size of the memory becomes smaller
and smaller, the width of the buried 3  bit lines becomes narrower and
narrower. The space of the bit line also shrinks further.  The smaller the
bit line is, the larger the resistance is obtained. Thus, the speed to
access  the data in a ROM is slower. The dimension of a transistor is
limited in the  consideration of access speed. On the other hand, the
conventional multi-state method 5 of fabricating a ROM is very complex.
Moreover, it is difficult to control the dosage for  the formation of
different threshold voltage, and therefore, it is difficult to obtain a
larger  data storage. SUMMARY OF THE INVENTION 10 It is therefore an object
of the invention to provide a method of fabricating tetra- state mask ROM.
Using a fabricating technique of a thin film transistor to fabricate
double layered memory transistors sharing the same gate oxide layer. A ROM
having  four threshold voltage is formed. By the transistors of different
characteristics, the  multi-bit data are stored in a single memory unit.
The storing density is increased within  15 limited dimension and space. To
achieve these objects and advantages, and in accordance with the purpose of
the invention, as embodied and broadly described herein, the invention is
directed towards  a method of fabricating a tetra-state mask read only
memory. A semiconductor  substrate having a gate oxide layer, a first
poly-silicon layer, a plurality of source/drain 



20 regions, and a plurality of channel regions is provided. A first coding
step is performed  to a part of the channel regions, by using a first
photo-resist layer as a mask and doping  the part of the channel regions. A
thin film transistor oxide layer is formed over the  substrate. A plurality
of via holes are patterned to expose the source/drain regions, by  removing
a part of the thin film transistor oxide layer and the gate oxide layer. A
second 4  poly-silicon layer is formed on the thin film transistor oxide
layer. Using a mask to dope  a part of the second poly-silicon layer with
dopant, a plurality of doped regions are  formed. Using a second
photo-resist layer as a mask, a part of the second poly-silicon  layer
corresponding to the channel regions is doped with dopant, and a second
coding  5 step is performed. It is to be understood that both the foregoing
general description and the  following detailed description are exemplary
and explanatory only and are not restrictive  of the invention, as claimed.
]0 BRIEF DESCRIPTION OF THE DRAWINGS  Figure 1 is a top view of a region of
a conventional mask ROM; Figure 2 is a cross sectional view of the
conventional ROM shown as the dash line  2-2' in Figure I-, Figure 3 is a
top view of a region of a tetra-state mask ROM in a preferred  15
embodiment according to the invention, Figure 4a to Figure 4f show the
cross sectional views of the process of fabricating  a tetra-state mask ROM
shown as the line A-A' in Figure 3; Figure Sa to Figure Sf show the cross
sectional views of the process of fabricating  



a tetra-state mask ROM shown as the line B-B' in Figure 3; 20 Figure 6a to
Figure 6f show the cross sectional views of the process of fabricating  a
tetra-state mask ROM shown as the line C-C' in Figure 3; Figure 7 is a
simple schematic diagram of a tetra-state mask ROM in a preferred
embodiment according to the invention. 5  DESCRIPTION OF THE PREFERRED
EMBODIMENTS Referring to Fig. 3, Fig. 4a, Fig. 5a, and Fig. 6a, a
semiconductor substrate 300 is  provided. The substrate 300 comprises a
source/drain region 310 to form a buried bit  line, a channel region 320 to
separate the source/drain region, and a gate 36 assembled by 5 agate oxide
layer 33, a first poly-silicon layer 34, and a spacer 35. In Fig. 3, the
channel  region 320 further comprises a first region 301, a second region
302, a third region 303,  and a fourth region 304. Referring Fig. 3, Fig.
4b, Fig. 5b, and Fig. 6b, using a photo-mask fabricated  according to
certain process, a first photo-resist layer 37 is formed to cover the
substrate  10 300. Coding windows, the second region 302 and the third
region 303 of the channel region 320, are exposed to perform a first coding
step. The second region 302 and the  third region 303 of the channel region
320 are doped with dopant, for example, by ios  implantation. Thus, the
threshold voltage of the doped channel region 38 is different  from the
undoped channel region 320. 15 Referring to Fig. 4c, Fig. 5c, and Fig. 6c,
the first photo-resist layer 37 is removed.  A thin film transistor oxide
layer 39 is formed and patterned over the substrate 300, after  etching
part of the thin film transistor layer 39 and the first poly-silicon layer
34, a via  



hole 40 which exposes the buried bit line 310 is formed. Referring to Fig.
4d, Fig. 5d, and Fig. 6d, a P-type doped second poly-silicon  20 layer 41
is formed over the substrate 300. Referring to Fig. 4e, Fig. 5e, and Fig.
6e,  using a photo-mask 43, the second poly-silicon layer 41 is doped with
an N-type dopnat.  The source/drain region 310 corresponding to the second
poly-silicon layer 41 is then  transformed to an N-type doped region 42. By
assembling the thin film transistor oxide  layer 39, the second
poly-silicon layer 41, and the N-type doped region 42, an inverse thin 6
film transistor structure is formed. The thin film transistor oxide layer
39 is functioned  as a gate oxide layer, the second poly-silicon layer 41
is functioned as a substrtate, and  the N-type doped region 42 is
functioned as a source/drain region. Referring to Fig. 4f, Fig. 5f, and
Fig. 6f, a second photo-resist layer is formed on  5 the thin film
transistor, whereas second coding windows are exposed. The second  coding
windows are the third region 303 and the fourth region 304 of the channel
region  320. The second poly-silicon layer of the inverse thin film
transistor corresponding to  the third region 303 and the fourth region 304
is doped with dopant, for example, by ion  implantation. Therefore; the
threshold voltage of the undoped poly-silicon layer 41 is 10 different from
the doped poly-silicon layer 45. The second photo-resist layer 44 is
removed. The back end process is then performed to complete the fabrication
of metal  wiring and contact, and thus, a tetra-state mask ROM is formed.
In the invention, a tetra-state mask ROM of a double layered structure
fabricated  by two coding steps has four different threshold voltages.
Referring to Fig. 3, on the  15 substrate 300, the first region 301 of the
channel region 320 is not doped through the first 



and the second coding steps. The second region 302 is doped in the first
coding step  only. The third region 303 is doped in both the first and the
second coding steps, and  the fourth region 304 is doped in the second
coding step only. Referring Fig. 7, for the  transistor memory cell 71, the
threshold current of the first buried bit line is 11, and the 20 threshold
current for the transistor memory cell 72 of the second buried bit line is
12.  When the result of the first coding step is set "on", and the result
of the second coding  step is set "off', a current of I1 is obtained. If
the results of the first and the second  coding steps are both "on", a
current of 11+12 is obtained. If the result of the first  coding step is
"off' and the result of the second coding step is "on", a current of 12 is
7  obtained. Whereas, if the results of the first and the second coding
steps are set "off', a  current of 0 is obtained. Four different currents
are obtained with four different  threshold voltages. Therefore, by two
coding steps, a tetra-state mask ROM is  fabricated. 5 Therefore, one of
the characteristics of the invention, is the formation of a double  layered
transistor structure. The upper layer is an inverse thin film transistor,
sharing a  poly-silicon layer with the transistor of the lower layer. The
dimension of the structure  is reduced. Another characteristic of the
invention is that by using two coding steps, two  10 transistors with two
different threshold voltage respectively, are assembled to form a
tetra-state mask ROM. Other embodiment of the invention will appear to
those skilled in the art from  consideration of the specification and
practice of the invention disclosed herein. It is  



intended that the specification and examples to be considered as exemplary
only, with a  15 true scope and spirit of the invention being indicated by
the following claims. 8  WHAT IS CLAIMED IS: I . A method of fabricating a
tetra-state mask read only memory, comprising:  providing a semiconductor
substrate having a gate oxide layer, a first poly-silicon  layer, a
plurality of source/drain regions, and a plurality of channel regions; 5
performing a first coding step to a part of the channel regions, by using a
first  photo-resist layer as a mask to dope the part of the channel
regions; forming a thin film transistor oxide layer over the substrate;
patterning a plurality of via holes to expose the source/drain regions, by
removing  a part of the thin film transistor oxide layer and the gate oxide
layer; 10 forming a second poly-silicon layer on the thin film transistor
oxide layer; using a mask to dope a part of the second poly-silicon layer
with dopant to form a  plurality of doped regions; and using a second
photo-resist layer as a mask, doping a part of the second poly- silicon
layer corresponding to the channel regions with dopant, and performing a
second  15 coding step. 2. The method according to claim 1, wherein the
channel regions comprise a  first region, a second region, a third region,
and a fourth region. 20 3. The method according to claim 2, wherein using a
first photo-resist layer as a  mask and doping the part of the channel
regions further comprise: forming the first photo-resist layer over the
substrate; 



patterning and removing a part of the first photo-resist layer to expose
the second  region and the third region of the channel regions, 9  doping
the second region and the third region of the channel regions; and
removing the first photo-resist layer. 4. The method according to claim 1,
wherein the second region and the third  5 region of the channel regions
are doped by ion implantation. 5. The method according to claim 1, wherein
the second poly-silicon layer is a  P-type poly-silicon layer. 10 6. The
method according to claim 1, wherein the doped regions are  corresponding
to the source/drain regions. 7. The method accordin, to claim 1, wherein
the doped regions are doped with  N-type dopant. 15 8. The method according
to claim 6, wherein the N-type dopant is doped by ion  implantation. 9. The
method according to claim 2, wherein using a second photo-resist layer as
20 a mask and doping the second poly-silicon layer corresponding to doped
channel regions  further comprise: forming the second photo-resist layer
over the substrate, patterning and removing a part of the second
photo-resist layer to expose the  second poly-silicon layer corresponding
to the second region and the third region of the 10  



channel regions; doping the poly-silicon layer corresponding to the second
region and the third  region of the channel regions; and removing the
second photo-resist layer.  5 10. The method according to claim 9, wherein
the second coding step is a  doping step by ion implantation. 11. A method
of fabricating a tetra-state mask read only memory, comprising: 10
providing a semiconductor substrate having a gate oxide layer, a first
poly-silicon  layer, a plurality of source/drain regions, and a plurality
of channel regions which  comprise a first region, a second region, a third
region, and a fourth region; forming a first photo-resist layer over the
substrate; patterning the first photo-resist layer to expose the second
region and the third  15 region; performing a first coding step, doping the
second and the third regions;  forming a thin film transistor oxide layer
over the substrate; patterning the thin film transistor oxide layer to form
a plurality of via holes to  expose the source/drain regions; 20 forming a
second poly-silicon layer on the thin film transistor oxide layer; using a
mask to dope a part of the second poly-silicon layer with dopant to form a
plurality of doped regions; forming a second photo-resist layer on the
second poly-silicon layer; patterning the second photo-resist layer to
expose the poly-silicon layer 



11  corresponding to the source/drain regions; performing a second coding
step, doping the second poly-silicon layer  corresponding to the third
region and the fourth region; and removing the second photo-resist layer.
5 12. The method according to claim 11, wherein the first coding step is
performed by ion implantation. 13. The method according to claim 11,
wherein the second coding step is  10 performed by ion implantation. 14.
The method according to claim 11, wherein the second poly-silicon layer is
a  P-type doped poly-silicon layer. 15 15. The method according to claim
11, wherein the doped regions are formed  by doping N-type dopant into the
second poly-silicon. 


